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DESIGM  AND  ProFORMANCE  OF  A  VARIABLE 
CEOI-J/XOT  DDl'USER  FOR  AN 
AXISYW'JTRIC  WIMP  TUIWEL 


•by 

Jauoe  Bui'ley  Kyser 
SUMMARY 


To  prevent  the  larger  ciccomi  tln-oat  area  required  for  otortlns  a  ciupor- 
aonic  vlnd  tunnel  from  penallilns  the  perforinanco  during  the  entire  run,  a 
diffuoer  wao  oonotructed  with  a  movable  conterbody.  After  the  normal  chook 
hud  been  owalloved  during  starting,  the  conterbody  was  moved  forward,  thus 
conatrlcting  tha  flow  arcaat  the  second  throat.  This  allov/od  the  normal 
shock,  or  shock  system,  to  occur  at  a  lower  liaoh  Humber,  and  therefore,  reduced 
the  loosou. 

Existing  theory  was  not  satisfactory  for  the  solution  of  the  flow  field 
between  the  first  reflection  of  the  oentorbofly  bov;  shock  ond  the  second  throat, 
so  it  vKis  aoouined  that  thia  region  was  two-dlmenoionnl  in  lature.  The  boundary 
layer  in  this  region  ma  preoumod  to  bo  unaffected  by  tho  shock  rofloctlono. 
Experimental  data  indicated  that  tho  second  throat  Mach  Humber  was  botwoon 
3.36  and  i.C6  instead  of  ono  as  predicted  by  tho  dooicn.  The  magnitude  of 
thia  diocropancy  indicated  an  error  in  tho  asoumption  that  tho  roflootod  uhock 
waves  had  no  of  feet  on  the  boundary  layer.  However,  even  if  no  errors  l»a4  boon 
present,  the  entropy  rise  across  tho  uhock  pattern  upstream  from  tho  second 
throat  would  have  prevented  tho  Mach  Number  from  being  reduced  to  unity. 

All  tests  v/orc  conducted  in  tho  lj,5-lrcn  uioi.tetjr  axlsymmotrio  tunnel 
of  tho  Aoroniochanlos  Division  of  Defense  Rt-oearch  Laboratory.  This  tiuinol  is 
located  ut  tlio  Balconco  Research  Center  of  The  Univoraity  of  Toxao, 

Austin,  Texas,  Tho  tunnel  la  of  tho  intermittent-flow  typo  with  a  teat  oootion 
Mach  Number  of  1.89,  With  the  variable  geometry  diffuser  the  maximum  runnlrg 
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timo  Maa  87  oeconda,  aa  corupurad  to  30  oeconda  with  orlijinal  diffuaer.  Hov/- 
ever,  a  0.099-lnnh-diuKQter  probe  extending  from  one  vail  of  the  teat  ocction 
v/as  found  to  reduce  the  running  time  frora  the  laaximum  of  87  aeconda  (^;ith 
the  toat  aection  empty)  to  22  aeconda,  whoreaa  an  eichth-inoh  thick  wcdgo- 
ehaped  eurvey  rolce  (with  li5  degree  vertex  angleo)  extending  acrooa  the  cn';1-L'o 
teat  aection  reduced  the  rimning  time  to  35  seconds •  This  indicates  that 
proper  model  design  and  perhaps  symmetry  are  as  ln^ortant  as  proper  diffuser 
design.  Cinco  the  optimum  area  ratio  varied  with  the  model  in  the  test  section, 
it  was  concluded  tliat  the  model  waa  an  important  faotor  that  should  be  oon> 
oiderod  in  any  futinra  diffuser  design. 
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1I0MI-IICj.ATTI1(E 
oLiluji'v/lae  noted) 


,v  -  crooo  eoctional  area,  aquare  incliea 

a  -  local  apeed  of  aound,  fpa 

Cp  -  ir:an  akin  friction  coefficient 

Cg  '■  tcT.ipcrature  recovery  factor 

H  -  boundary  layer  oliapc  parameter 

L  -  clvuracteriatic  lensth,  feet 

U  -  -Milch  Kuiiiber 

P  -  Static  preaaure  (unite  noted) 

-  end  presoure,  le,  hichoot  proosure  ocourrlr,-  in  diffucor 

U  •  Roynolila  Number 

r,r|  .  polar  ooordinatea  (Fli^ure  Ij) 

T  -  toinporature,  dccrceo  Rankine 

t  -  temperature,  degrees  I''uhrci;ii0lt 

u,v,w,  •  volooity  oompononto,  Carteilan  nourdinatoo  (Figure  li) 

V  •  velooity,  fpo 

Vj  •  limiting  Velocity,  fpa 

v^,v^vf  -  velocity  compononto,  polar  coordinate<f,  (Figure  li) 

X,Y,Z  -  Cartoaian  coord  l.ivitoo,  (Figure  h) 

ft  “  boundaiy  layer  thlokiiooc,  Inclicu 

tut  -  boundary  layer  dioplacement  thieknocu,  inchoo 

-  uhook  angle,  dogrceo 

y  -  mtio  of  apecll'ic  lieato,  liliO  for  air 

p  -  local  dcnolty  of  uir,  ulugs  per  cubic  foot 

0  -  boundary  layer  momontuin  thlckneoo,  Inohee 


11*  Fobrunry  195^ 
JBKrbGh 


-o- 


DRL-370,  CF-2l*80 


Bnr  over  ayaibol  dosi-^tea  averafo  conditions. 

Supcrocripto!  (  )“'.ic;iiotos  tlu'oat  cunditiono 

(  )  dcnotca  reference  conditions 
Subscripts:  (  )^dcnotej  settlina  clminbor  conditions 

(  ^correspond  to  rutiiona  defined  in  Flsure  6 
^01  totulproBBures  in  realono  defined 

in  Ficurs  6 
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imOIUCTION 


The  proccdurea  involved  In  the  deaicn  of  a  variable  geometry  diffuoor 
for  an  ax  ioy  tame  trie  wind  tunnel  are  prooented  in  thlo  reporti  Aloo  included 
ia  a  comparic'jn  of  theoretical  and  exporlmcntol  pcrfornianoo  of  the  diffuaer. 

The  diffuaer  vtaa  dcaigned  and  conotructed  to  replace  the  exiotlng  fixed 
ccoiaotry  dii’fuaor  in  the  1). 5-inch  teat  oootlon  diameter  axiDyiiii,;Otrio  tunnel 
operated  under  Defonoe  Rooearch  Laboratory  Contract  N0rd“9195  ut  the  Baloonoo 
Roaoarch  Center  of  The  Unlvcruity  of  Texao  in  Auctln,  Texaa.  The  tunnol 
lu  of  the  intermittent  flow  typo  and  Imo  a  teat  ooctlon  Mach  Number  of  li.89< 
Vfith  the  original  diffuaer,  rune  of  only  JO-oocondo  duration  could  be  made. 
Thia  proved  inadequate  for  obtaining  certain  data,  oo  an  Improved  diffuoor 
wao  aoccaoary  for  eucocooful  onoratlon  of  the  tunnel. 

Although  a  diffuoer  cannot  prevent  a  normal  cl'.oclc  wave  or  ehoclc  oyotem 
from  occurring  in  tho  tranultlon  from  Gupcroonic  to  auboonlc  flov;,  it  can 
reduce  the  Mach  Number  at  which  the  norival  olioclc  occuro,  and,  there i'  re, 
reduce  tho  loaoee  roaulting  from  tho  ohoolci  V/hile  tho  tunnol  ie  aturtlng,  tho 
norml  ohock  lo  located  in  tho  toot  ooctlon  at  a  high  Mach  Number.  Thin 
cauaeu  a  oevero  entropy  rioo  and  conocqucntly  allowo  very  little  contraction 
in  tho  oocond  throat.  While  tho  tunnol  is  operating,  the  diffusor  may  reduce 
tho  Mach  Numbor  almost  to  unity  boforo  the  normal  shock  ocewo.  Thus,  the 
entropy  rioo  ia  loco  oevero,  and  groater  contraction  my  bo  utilized. 

Since  a  fixed  geometry  diffuecr  muot  have  a  cufficiently  omall 
contraction  to  allow  for  oturting,  tho  Mach  Number  at  the  second  throat 
(before  tho  normal  ohock)  will  be  high  enough  to  cause  largo  energy  loa-crrs. 
Therefore,  in  forming  the  second  tliroat,  a  movable  centorbody  was  uoed  In 
preference  to  a  fixed  geometry  diffuser.  It  was  hoped  that  tho  higher  static 
pressui'e  dovm^tream  from  the  aocond  throat  would  exert  sufficient  force  on 
the  centerbedy  to  move  it  forward  from  tlie  etartlng  position  to  the  oijerating 
position.  This  action  %/ould  allow  for  tho  larger  area  required  for  starting, 


i;lthout  Tional ! 7 Ing  or  interfering  v^ith  preaoure  recovery  i.irouciiout  the 
•■aired  automatic  nature  of  this  ty^o  of  diffuser  woxxld 
. .  ..  .  tunnel  such  oa  t’ c  on.-  r.  v;ueetlon. 


r  i.^.v  :  ..aplc'toly  satlofac'  i.  procedures 

involved  in  thu  doelcn.  in  particular,  the  reait  .  aft  of  the  oenterhody 
bo\f  shock  was  assumed  wO  be  tvo-dlmenslonaJL  In  nature,  and  effects  of  the 
reflected  ahocks  on  the  boundary  layer  were  neclected.  Experimental  data 
aro  {jivonto  help  determine  the  validity  of  those  aaaumpttons  and  to  evaluate 
the  performance  of  the  diffuser. 
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CENFRAT.  DF.jIGH  COHSIDTOATION 


It  was  dcalrablo  to  conctruct  the  dlffuucr  ao  tliat  It  could  be  placed 
in  the  tunnel  circuit  vith  a  Kiinlmum  number  of  changea,  Thlu  required  un 
aaoembly  with  a  total  length  1*8  Incheo.  however,  the  initial  6  inchea  vaa 
left  clear  to  allow  for  the  mountinR  of  r.,  .ela  in  the  taut  aection,  and  the 
luot  8  incheo  vaa  required  for  faa^enlntj  the  centorbody  mount#  This  left 
31*  inohoo  for  the  working  iicctlon  of  tho  diffuaer  \*hlcli  obviously  vac  in- 
uufficiont  for  complete  suporoonlo  and  auboonlc  diffualon.  Therefore,  it  vaa 
decided  to  concentrate  on  euperaonlc  diffuolon  and  make  it  ma  efficient 
ae  poaaiblc,  even  at  the  oxpenea  of  subaonlc  diffusion. 

The  initial  portion  of  the  outer  shell  was  constructed  ao  an  oxtenoion 
of  the  existing  test  aection,  Vfith  a  boundary  layer  displacement  thlcknooo 
correction  of  dB*  /  dx  «  O.OOSll*  inches  per  inch  as  given  by  Reference  1*. 
Although  this  value  admittedly  changed  acrooo  each  reflected  ohock  wave,  it 
vaa  believed  that  the  effect  of  the  chanijeo  would  not  be  groat  enough 
to  alter  significantly  the  boundary  layer  in  tho  l*“..nch  aection  beween 
the  firot  ohock  reflection  and  the  second  thrwit.  Since  no  theory  ir  known 
to  exiot  for  the  case  of  boundary  layor-ahock  wave  intsr-aotion,  any 
aoaumption  would  be  strictly  a  gueos, 

A  cone  with  a  aomi -vortex  angle  of  10  degreeo,  uncorroctod  for  boundary 
layer  growth,  wao  oelected  for  tho  nooe  of  tho  conterbody.  The  value  of  10 
degrees  vas  chosen  for  tho  semi-vertex  angle  because  Reference  1  Indicates 
that  a  larger  angle  vrould  result  in  a  far  greater  velocity  decrease  across 
the  bow  shock.  This  would  mean  a  strong  shock  instead  of  a  weaker  one 
which  would  more  nearly  approach  an  isentropic  proceas. 
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The  portion  of  tho  outer  chcll  Juot  aft  of  the  second  throat  v.’ae  a 
12-inch  transition  from  the  li .838-inch-dlamctor  tost  section  extension  to 
the  6.25-inoh-diamctcr  oxhttuot.pipo.  The  transition  section  had  a  ta^sr  of 
0.0586  inches  por  inch.  In  the  region  aft  of  the  second  throat,  the  boundary 
layer  displacement  thickness  v/as  assumed  constant  vith  a  value  equal  to  that 
at  the  oecond  throat. 

Roforonco  5  indicatou  that  there  should  be  a  very  slightly  divergent 
passage  Just  dovnatream  from  the  second  throat  to  allovf  subsonic  flow  to  be 
completely  eotnbilehed.  Although  a  method  of  determining  the  length  of  this 
passage  was  presented,  it  was  not  utilized  because  it  gave  a  i.ength  of  zor''. 
for  the  second  tluroat  Mach  Number  of  unity,  Deoause  of  the  probability  tliat 
the  Mach  Number  would  not  be  reduced  to  unity  at  the  second  throat,  this 
paucage  wuo  arbitrarily  made  6  inches  long,  diverging  by  about  1,5  dogrooo. 
This  established  a  slope  of  O.035  inches  per  inch  on  the  centerbody  I'or  6 
Inches  aft  of  the  oecond  throat.  The  following  6  Inchoa  of  the  conterboiiy 
was  cylindrical  with  a  diamotor  of  I1.IG5  Inc'noo.  It  was  then  boat-tailed 
and  terminated  abruptly  duo  to  space  cons  id erat ions . 

The  centerbody  was  r..<:ur.tcd  on  a  27 -inch  length  of  I.50  Inch  double- 
extru-heavy  steel  pipe  nKvclvined  to  a  I.800  inch  outside  diameter.  A  r.  dlar 
was  threaded  on  one  end  to  provide  a  stop  5  inciieo  forward  of  the  designed 
operating  position.  This  van  done  in  order  tliat  contraction  rutioe  greater 
tlmn  the  theoretical  maximum  could  be  tested. 

Six  0.6Q5*lnch  diameter  otecl  rods  were  welded  to  the  mount  to  provide 
a  means  of  bolting  it  in  the  tunnel.  The  center  of  the  pipe  was  left  open 
to  allow  the  higher  pressure  at  the  downstream  end  to  assist  the  motion  of 
the  centerbody  from  the  otartlng  to  the  running  position.  The  opening 
in  the  pipe  also  van  uooful  in  the  installation  of  the  centerbody  poaltlonin.-, 
mechanism . 
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Figure  18  l3  a  oohematlc  drawing  of  the  diffuaer  aaaembly  showing  the 
Ijositioning  mccuaniom.  The  poaitioning  rod  shown  was  a  0.625-inch  diaiiieter 
uonel  tube.  The  centerbody  static  pressure  taps  were  connected  to  the 
manometer  board  by  plastic  tubing  which  ran  through  the  center  of  the 
positioning  rod.  Figures  19  ond  20  are  detail  drawings  of  the  outer  shell, 
and  the  centerbody  and  centerbody  mount  assemblies.  The  locations  of  all 
etatlc  pressure  taps  are  shown  on  these  drawings,  and  the  corresponding 
manometer  tubs  numbers  ore  indicated. 
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DETERMIWATION  OF  SECONE  TUROAT  AREA 

The  purpose  of  this  section  io  to  explain  rather  completely  the 
theoretical  design  procedures  involved  In  determination  of  the  second  throat 
area.  In  order  to  keep  this  section  us  concise  as  possible,  derivations 
found  in  most  textbooks  have  been  ommltted.  The  flow  in  the  second  throat 
area  v^aa  assumed  to  be  composed  of  u  viscous  flow  field  comprising  the 
boundary  layer  displacement  thickness  of  both  the  centerbody  and  the  outer 
shell,  and  a  potential  flow  field  for  the  remaining  area.  The  shock  waves 
were  assumed  to  be  roflccted  from  the  displacement  thickness  of  the  boundary 
layer . 


POTENTIAL  FLOV;  FIELD 

The  flow  in  the  test  section  and  tost  cectlon  extension  woo  aosiuiied 
to  bo  uniform  with  a  Mach  Nui..ber  of  The  potential  flow  region  here 

wao  a  cylinder  Ij.081i  inoheo  in  diaraotor,  bounded  by  the  displacement  thick¬ 
ness  of  the  boundary  layer  along  the  outer  shell. 

The  methods  for  solution  of  the  flow  around  a  cone  uro  presented 
rather  comijlctely  by  Ferrl  in  Reference  1  ond,  therefore,  will  bo  only 
briefly  discussed  in  this  section.  Since  the  limiting  velocity,  unlike 
the  local  speed  of  sound,  does  not  change  across  a  shock  wave,  tho  ratio 
of  the  local  velocity  to  the  limiting  velocity  wao  used  frequently  in  this 
development  instead  of  tho  Maoli  Number  in  order  to  simplify  calculations. 
The  limiting  velocity  is  defined  as  the  velocity  that  would  bo  obtained  if 
the  flow  were  expanded  to  a  zero  abBolv.te  pressure.  It  Is  given  by 
Reference  3  as: 

-  2.236  a^ 
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For  the  aaauE.ed  oottllng  chamber  temperature  of  60*V,  Vj^  was  found  to  be 
^50l^  fpa. 

By  an  Iteration  process,  the  shock  angle  for  a  lO-degree  cone  In  a 
uniform  flow  field  of  Mach  ij.89*t  was  found  to  bo  15 <75  degrees.  The  initial 
point  on  the  hodograph  diagram  was  detenrilned  by  the  relation, 

V  V, 

r  1  cos  n 

V~  “  v"  ® 

L  T 

which  atates  that  the  velocity  component  in  the  direction  of  the  shook 
cannot  change  across  the  shock,  and  the  relation, 


which  is  derived  from  the  law  of  conservation  of  energy  across  the  shock, 
The  values  found  by  these  equations  were! 


/  »  0.877 


0.1568 
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Bucceedina  ahocka  wuaaauoiaed  to  be  10  clecreea  in  accordance  with  tue  tvo- 
diocnoional  theory.  However,  a  1C -decree  deflection  aoroae  the  ohc'k 
between  reciona  8  and  9  waa  not  compatible  with  aonlo  flow  aft  of  t ic 
chock.  The  criterion  of  aonic  flow  wae  token  aa  the  basis  for  eatablialiing 
tlio  propertiea  of  the  ohock.  At  the  second  throat,  a  normal  shook  was 
aaaumcd  to  exist.  Velooitioo  and  property  values  aoroea  all  shock  waves 
are  given  in  Table  1. 


The  potential  flow  second  tliroataroa  ratio,  ^  vas  shown  to  be  equal 


Po 

to  the  pressure  ratio,  _ ^  >  0.*'^  value  of  0.796.  Since  the  nozzle 

Poi 


throat  had  an  area  of  0.570  square  Inches,  the  potential  flow  second  throat 
urea  was  O.716  inchea. 


VISCOUS  Fl.OV/ 


The  boundary  layer  d isrpiacoiiont  thickness  on  the  outer  eholl  was  token 
to  be  that  found  by  Harkneca  in  Kofcrenuc  1<.  This  value  was  b*/x  =  O.OOSlJ) 
inches  per  inch,  and  its  validity  nad  beer,  ectnbll.ihod' by  toots  maJe  in  the 
tunnel . 

Tlic  boundary  layer  displacement  thickness  on  the  cone  woo  found  by  a 
combination  of  methods  given  in  Reference  7  and  8.  According  to  Reference  8, 
the  local  skin  friction  coefficient  (and  therefore  the  mean  skin  friction 
coefficient)  for  a  cono  is  the  same  as  that  of  a  flat  plate  if  the  cone 
Reynolds  Nuiiibor  is  divided  by  2.  The  rei)reuentatlve  values  of  a  95  psia 
and  t^  »  were  used  to  determine  the  Reynolds  Number  at  the  base  of  the 


cone. 
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Reference  1  gives  the  redlvie  of  curvature  of  the  hodograph  dlagi’am  aa 


V  V 

t  cot  n  +  r 


Increments  of  about  2  degrees  were  taken,  and  the  hodograph  shown  in 
Figure  5  was  constructed. 


Altliovigh  the  flow  was  conical  in  nature  in  region  2  (Figure  6), 
was  not  the  case  in  region  3.  In  order  to  avoid  the  oomplexitleo  of 
exact  solution  aft  of  region  2,  an  average  velocity  was  found  by  the 
following  relations: 


r  P<«1  \ 


C^iVl 


this 

an 


These  relations  state  that  the  total  momentum  in  the  direction  in  queation 
divided  by  the  mass  flow  in  that  direction  yields  the  average  velocity. 
Average  properties  wore  found  by  assuming  adiabatic  compression  of  the  flow 
from  conditions  just  aft  of  the  initial  shock  and  corresponding  to  the 
average  velocity  and  flov;  angle.  Tills  vnis  done  with  the  aid  of  the 
Prandtl-Mcyor  tables  given  in  Rofcrenco  3. 


The  shock  wave  between  regions  2  and  3  {Fii'.ure  6)  was  assumed  to  be  t\JO- 
dimensional  in  character.  Prior  to  the  a.  ock,  t..o  average  flow  direction 
formed  a  TtSS-degroe  angle  wit u  the  oenterllr.e  of  the  tunnel.  However,  after 
the  shock,  the  flow  direction  was  assumed  to  be  parallel  to  the  center-line. 

Property  cliangoo  across  the  shock  were  found  with  the  aid  of  shock 
tables  given  in  Reference  3.  The  flow  deflection  across  each  of  the 
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The  Reynclda  Number  la 


R  « 


evl 


and  thfl  vuluco  c.ivuti  in  Table  2  for  flow  at.  the  our  face  of  the  cone  aro! 


M  >=  Ij  .015 

p  >.  O.OOOljia  uluc/ft^ 
V  -  2216  !',)□ 

T  -  12)(  R^ 


The  vioeoolty  \/ao  calculated  by  ueing  Cope  un'l  E/;rtrce'o  e<iuatlon 


(T) 

T' 


(■/9 


where  n'  and  T'  v/ere  taken  from  Reference  11  as 


f. '  «■  100  X  lO”'^  lb  -  ecc/ft^,  and 
T'  a  1400°  R 


when  then.e  values  'sere  eubatituted.  into  the  Cope  and  Hartree  ec^uatlon,  the 
rea\U.t  vwa  ■  35-3  x  lo”"^  lb  -  aec/ft^  »  1.10  x  lO”"^  sluc/ft  sec.  The 
mean  skin  friction  coefficient  wae  evaluated  at  the  btee  of  tho  cone  whore 
L  a  0.953  feet.  This  jave  a  Reynolds  Number  of  8,030,000  which  was  equiva¬ 
lent  to  a  flat  plate  vrlth  a  Reynolde  Number  of  li, 015, 000. 
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Wilson,  in  Reference  7,  gives  the  relation  between  mean  skin  friction 
coefficient  and  Reynolds  Kumber  : 


vboi'e : 


(  1  ♦ 

\la 


2x  ‘ 


y  -  1  M,  )  0.21<2 

2 


log^Q  (CjR)  .  0.768  log^Q  (1  +  Cg  y  .  1 


!  i2L  -  -1) 


2 


i  *i2L=M  Ml' 

2  ^ 


An  oxpcrifflontal  value  of  the  temporatiu-e  reeovory  factor  (used  in  Refer¬ 
ence  7)  of  Cg  a  0.88  was  substituted  into  the  equation  along  with  the  vari¬ 
ables  given  above,  and  the  result  of  Cj,  ■  0.0021lj  was  obtained. 

This  value  of  Cj.  was  converted  to  the  corresponding  displacement  thick¬ 
ness  by  the  following  fwdamental  relations; 

and 


Therefore  g  #  h 

1  ”  2  * 

Tho  shape  parameter  H,  was  given  by  Reference  6  as  H  ■  8.1(18  for  a  Mach 
Wiuibar  of  l(.015.  The  value  of  6*  was  then  found  to  be  6*  0.0090. 

T  T” 
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Althoufjii  the  valuea  of  ^  for  the  cone  and  outer  ahell  vere  admittedly 

X 

not  constant  along  the  entire  aurfaoo,  they  v/ere  QDaumod  ao  in  order  to  ovoid 
complex  machining  procedurca.  Also,  it  woa  felt  that  the  errors  introduced 
by  thlo  procedure  vould  be  amoll,  due  to  the  fact  that  dlatances  between  the 
flrat  shock  wave  reflection  through  each  boundary  layer  and  the  normal  shook 
were  small. 


DLTKRMIMATIOK  OF  THE  TOTAL  Al^FA 


The  total  displacement  thicknoas  for  the  boundary  layer  bn  the  outer 
alien  was  O.389  Inchoe.  Tlilo  wao  the  reault  of  a  O.OOSlt  inch  per  inch 
growth  over  a  length  of  kS.G  Inohoo.  Tills  gave  a  flow  region  with  an  out¬ 
side  diameter  of  Inchec.  Thereforo,  tho  urea  wus  square  Inches. 

Ao  already  mentioned,  t)»e  potential  f3.ovr  second  throat  area  wao  0.716 
square  inches.  Since  this  area  was  annular  in  form,  with  an  outside  diameter 
of  .O8I4  inches,  the  inside  diameter  waa  3*971  inches. 

The  value  of  3*971  Inchos  waa  the  diomoter  of  tho  base  of  tho  lo-dogree 
cone  uncorroctsd  for  boundary  layer.  This  baae  diameter  therefore  sot  tho 
length  of  the  uncorracted  cone  to  bo  11.25  inches.  When  tho  boundary  layer 
correction  of  O.OO9O  inches  per  inch  was  subtracted  from  the  slope  of  the 
surface  of  the  cone,  the  base  diameter  became  3.765  Inchos.  This  loft  an 
equivalent  annular  viscous  flov;  region  for  the  cone  with  an  outside  diameter 
of  3.991  inohea  and  an  inside  dlamotor  of  3«763  Inohea.  The  area  wao  1.256: 

.iquarc  inches. 

Tho  total  second  throat  urea  wua  composed  of  tho  three  regions  above  and 
had  a  value  of  7.25  sqxiore  inches. 
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AREfc  HEQUIREP  FOR  STARTING 

While  Qtartlngj  It  vas  aoeumed  that  the  normal  shock  occurred  In  the 
test  section  at  a  Mach  Number  of  I4.894.  At  the  second  throat,  the  velocity 
vac  taken  as  a  fully  developed  seventh  root  profile  vrith  a  nK'j:iuiur.i  Mach 
number  of  unity  occurring  midway  bctxroon  the  curfaco  of  tho  oono  end  tho 
curi'ucc  of  the  outer  shell. 

Accordinc  to  Reforonce  11,  tho  ratio  of  critical  areas  across  a  normal 

shock  at  ttoch  ^.89^  Is  O.O667.  The  nozzle  throat  area  of  0.570  square  Inches 

v/as  divided  by  this  value  to  give  tho  uncorrocted  second  tiuroat  area  of 

8.5^6  square  inches.  At  the  second  throat  the  Mach  Number  vao  unity,  if 

the  previous  assumptions  were  correct.  Tho  values  of  tho  boundary  layer 

shape  parameters,  il  and  b  ,  given  by  Roferenoo  6  for  a  Mach  Number  of  unity 

0 

are 


H  »  1.731^ 
I  »  10.981 


Therefore, 


6*  6*  0 
a"  “  0"  *  B 


1 


U  X  b 
0 


0.1579 


Since  it  was  arioumod  that  tho  entire  passage  at  the  ssoond  throat  was  filled 
with  bouiviury  layer,  tho  uncorrocted  urea  was  81.215C  of  tho  total  oroos 
sectional  aroa.  Tho  uncorrocted  area  of  6.5I6  square  Inches  was  divided 
by  0.8121  to  yield  a  total  area  of  10. I5  square  inchso.  Therefore,  tho 
centerbody  retraction  for  starting  was  3.136  inches. 
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APPARATUS 


ToQta  v/ero  conducted  In  the  l<.5-lnoh  axloyranetric  wind  tunnel  at  tnt 
Bolcones  i'eoearoh  Center  in  Austin,  Texas .  This  is  an  intermittent  flow 
tunnel  with  a  teat  section  Mach  Number  of  Ij.89«  FiG'urc  1  shows  the  tunr.  'l 
circuit  between  the  nozzle  (at  the  extreme  left)  and  ti.e  6-lnch  pipe  to 
the  vacuum  tank  (at  the  extreme  richt).  The  diffuser  assembly  was  installed 
as  a  permanent  part  of  the  circuit  Just  aft  of  the  toot  section,  placing 
the  front  lip  of  the  diffuser  26.6  inches  from  the  nozzle  throat  and  the 
second  throat  1)6.6  inches  from  the  nozzle.  For  clarity,  In  Figure  1  the 
outer  shell  is  suspended  below  its  installed  position. 

The  hitih  pressure  system  consisted  of  a  100-hp  four-stage  air  corapreesor 
vfith  a  capacity  of  Ihlj  cubic  feet  per  minute  (at  standard  conditions)  and 
a  delivery  pressure  of  3000  poi.  Four  tanks  with  a  total  volume  of  100 
cubic  feet  made  up  the  higl'i  preosure  reservoir.  The  low  preoouro  eyetom 
was  composed  of  a  2000  cubic  foot  vacuum  tanlc  vdiioh  was  exhausted  to  a 
minimum  absolute  pressure  of  0.5  inches  of  mercury  by  five  3-hp  pumps.  Ap¬ 
proximately  20  minutes  was  required  for  the  vacuum  pumps  to  lower  the  vacuum 
tank  pressure  from  shutdown  pressure  to  1  inch  of  mercury. 

Tile  settlinQ  chamber  pressure  was  controlled  by  a  quick  opening 
automatic  presoure  rogulatlne  valve,  which  throttled  the  high  preosure 
air  from  reservoir  conditions  to  tiie  desired  Settling  chamber  proscuro 
was  measured  by  a  pressure  gauge  with  an  l8-inch  face,  shown  at  the  extreme 
right  in  Figure  2.  This  allowed  measurements  to  within  0.5  pol*  Settling 
chamber  temperature  was  given  by  a  thermistor  installed  Just  ahead  of  the 
nozzle. 
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The  centerbody  vas  poaltloncd  by  an  Indicator  fastened  to  the 
positioning  rod  and  a  scale  bolted  to  the  tunnel  support  frame.  This 
may  be  seen  at  the  ejxtreme  right  of  Figure  1.  A  stop  ma  provided  on  the 
positioning  rod  to  prevent  travel  forvard  of  the  desired  centerbody  location. 
This  allowed  the  centerbody  to  bo  retracted  for  starting;  and  the  forward 
thrust  kept  the  centerbody  fast  against  the  atop  at  all  times  during  the  run 
after  the  normal  shock  liad  been  svallovcd. 
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METHOD 

Static  preasure  tape  v;oro  located  along  the  entire  aholl  at  ln‘'..'rvals 
varying  from  0.2  Inchee  near  the  aecond  throaty  to  I4  Inches  at  the  extreme 
rear.  Static  pressure  taps  were  also  placed  along  the  conical  portion  of  the 
centerbody.  A  total  of  27  taps,  22  on  the  shell  and  5  on  the  centorbody, 
wac  Inotalled  in  the  diffuser.  Table  1)  gives  the  exact  location  of  all  the 
tape.  The  static  pressure  taps  vere  connected  to  a  50*bube  manometer  boari* 
ahovm  to  the  left  of  center  in  Figure  2.  Data  ware  recorded  by  a  photograp-i 
taken  of  the  manometer  board  each  run  at  the  time  that  the  normal  shock 
wave  was  located  in  the  second  tliroat.  Figure  3  is  a  typical  photograph  of 
the  manometer  board,  taken  during  a  run  vrlth  the  centerbody  in  design 
operating  position. 

Rune  vrarc  made  with  the  centerbody  near  storting  position,  near  tho 
design  operating  position,  and  in  the  moot  forward  position.  In  ooch  case, 
a  photographic  record  wao  made  of  the  manor. otcr  board.  Running  time, 
and  T^  wore  also  recorded. 

To  determine  the  effects  of  the  test  section  obstructions  on  the 
performance  of  the  dlffuocr,  runs  vqtq  icado  with  a  probe,  a  survey  rake, 
and  a  flat  plate  in  tho  teot  ocction.  Tho  shank  of  tho  probe  vus  a  d.095' 
Inch  diameter  tube,  and  the  effects  of  three  different  depths  of  penetration 
were  determined.  The  survey  rake  wao  approximately  I/8  of  on  inch  thick 
and  3/^  of  an  Inch  vride,  with  front  and  rear  total  Included  angles  of  60 
degreos.  It  extended  across  the  entire  diameter  of  the  teot  ocction.  The 
flat  plate  was  90  inches  long,  3/8  of  on  inch  thick,  and  also  extended 
across  the  teot  section.  For  each  condition,  tho  optimum  centerbody 
location  was  found,  and  the  running  time  for  this  position  was  recorded. 
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An  attempt  vas  made  to  determine  the  value  of  _o  ,  the  p  -oaoiire  rati- 

? 

e 

required  to  operate.  Thia  vao  done  by  exhauatlng  into  the  a'otnoaphero  and 
manually  rnlntr-.  the  nei-t’inc;  preaaure  to  that  required  to  et-r*., 

.-.atruetion  of  the  preaaure  regulating  ayetom  prohibited 
pruueiu'cj  greater  than  300  palg,  vhich  vao  not  enough  to  start  the  tunnel. 
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DlSOJSr  ...jN  Of  RESULTS 


A.  StAti'-  .re  Teste 


1 .  General  Error  ^ 


All  data  taken  during  these  teats  were  aubject  to  certain  Inlierent 
sources  of  error.  One  of  these  vao  the  effect  of  propagation  of  disturbances 
by  the  boundary  loyer.  The  subsonic  portion  of  the  boundary  layer  nwy, by 
this  effect,  permit  pressure  dlstwbancea  to  be  propagated  upstream  In  an 
othorv;lse  supersonic  flow.  Also,  a  su'all  error  In  measuring  static  pressure 
may  cause  a  serious  error  in  Mach  NuL'.bers  indicated  by  pressure  data. 

Another  source  of  error  stemmed  from  the  time  rei^ulred  for  the  manometer 
board  to  stabilize.  Since  static  pressures  aft  of  the  second  throat  in¬ 
creased  continuously  during  the  run,  it  say  bo  expected  that  recorded  data 
did  not  accurately  represent  tho  existing  static  pressures.  To  help  correct 
tills  condition,  soverol  sots  of  data  were  taken  for  most  centorbody 
locations  while  the  normal  shock  wave  was  in  different  positions.  Pressures 
upstream  from  tho  second  throat  wore  taken  from  data  recorded  while  tho 
normal  shock  was  located  slightly  downstream  of  the  second  throat,  and  the 
proBsuiuj  downstream  from  tho  second  throat  were  token  from  data  recorded 
a  second  or  so  after  tho  normal  shock  had  passed  t)urough  tho  second  threat. 

Preliminary  runs  shoved  that  the  diffuser  was  very  sensitive  to  the 
symmetry  of  the  system,  and  therefore  it  was  deduced  that  a  slight  ec¬ 
centricity  in  tho  centerbody  alignment  might  seriously  alter  the  diffuser 
performance.  To  check  centorbody  alignment,  runs  were  made  with  it  rotated 
90  degrees  and  l60  degrees  clockwise.  Since  no  effect  of  the  rotation  could 
be  detected  from  static  pressure  data,  It  was  assumed  that  the  alignment  was 
sufficiently  correct. 
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2.  Preanure  Ratio  Reqalred  to  Start 

Since  the  oonotruotion  of  the  preeoure  rcculating  valve  prevented 
acttllng  chamber  preaeurea  higher  than  about  300  polg,  the  tunnel  vaa 
never  able  to  atort  while  exhauatine  Into  atmoaphero.  Reforonco  3  indlcr.uoe 
that  the  minimum  preaouro  ratio  required  to  etart  tne  1.5-inch  two*  dimen¬ 
sional  tunnel  reported  on  waa  about  21  at  an  area  ratio  of  1.35>  ^hla 
Indicatco  that  the  tunnel  described  in  this  report  may  start  with  a  pressure 
ratio  olightly  higher  than  the  maxlinum  value  of  22.6  obtained  in  these 
tests.  With  the  previous  diffuser,  the  tunnel  could  start  with  a  pressuro 
ratio  of  about  19  at  an  area  ratio  of  1.35.  better  starting  performance 
of  the  original  diffuser  was  in  part  due  to  the  shorter  distance  betvocn 
the  test  section  and  the  second  throat,  6  inches  as  compared  to  26  Inches 
on  the  variable  geometry  diffuser.  This  meant  far  loos  shin  friction  drag, 
Slnco  the  diffuser  acts  as  a  subsonic  diffuser  while  the  tunnel  Is  starting, 
the  original  Installation  with  its  'i-tocit  slightly  divergent  channel  vnie 
undoubtedly  more  effective  than  the  variable  geometry  diffuser  with  Its 
6 -inch  slightly  divergent  section. 

3.  Prooaure  Ratio  Required  to  Operate 

The  bent  aieasure  of  the  performance  of  a  '  Iffusor  is  the  proesurc 
ratio,  required  to  operate  the  tunnel  circuit.  Figure  7  shows  the 

offcct  of  area  ratio  at  tho  second  Uiroat  on  pressure  ratio  required  to 
operate.  Also  included  are  data  i'rom  tho  moot  efficient  run  reported  in 
Reference  5.  The  curves  are  displaced  from  one  another  because  the  viscosity 
effects  arc  more  pronounced  in  a  smaller  tunnel  ouch  as  the  one  used  by 
Coldbaum  (Reference  5)> 

Since  wind  tunnel  tcuto  uro  seldom  cade  with  empty  test  coot  Ions, 
it  is  important  to  have  some  knowledge  of  the  diffuser  performance  vrhile 
obstructions  are  present  in  the  test  section.  Therefore,  runs  were  i.:.de 
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vlth  a  0.095-inch  diameter  probe,  a  eurvey  rake,  or  a  9.0-inch  flat  plate 
Installed.  In  the  teat  section.  The  probe  had  little  effect  on  the  ovcr-aJ.l 
performance  when  extended  only  an  Inch  from  the  wall.  However,  when  it 
was  extended  1.75  inches  and  2.5  inches,  the  presewe  ratio  required  to 
operate  the  tunnel  vaa  more  than  doubled.  This  indioatea  a  eerloua  flaw  in 
the  operation  of  axioyrametrlc  tunnelo.  The  rake,  which  extended  across  the 
entire  teot  section  had  little  more  effect  than  the  probe  when  extended 
1.75  inches  (approximately  of  the  distance  aorous  the  tunnel).  This  may 
have  been  caused  by  the  atrentj,  detached  bow  shock  from  the  circular  cross 
section  of  the  probe  while  the  wedge -shaped  leading  edge  of  the  rake  created 
a  much  vreakor  attached  shock.  Tho  second  throat  area  ratio  of  1.20  with  the 
diffuser  in  the  fully  retracted  pooition,  approximately  6  inches  rcarv/ard 
of  design  operating  position,  was  too  great  to  permit  the  shock  to  be 
swallowed  while  the  flat  plats  was  Inotallcd.  Therefore,  little  can  bo  said 
about  tunnel  performance  with  this  model  in  the  teot  section.  Figure  17 
gives  static  presouroo  as  a  function  of ,  the  distance  from  the  nozele.  It 
oliowa  tlrnt  the  nonial  shock  is  located  somevrhere  between  tho  end  of  the 
teat  section  and  the  front  of  the  conterbody.  Static  pressure  data  from  the 
pressure  taps  on  tho  flat  plate  appear  to  be  unaffected  by  tho  fact  that  tlis 
noriaal  shock  hud  not  been  oomplotoly  owallovred. 

Tho  data  used  in  plotting  tho  curvo  shown  in  Figure  7  were  not  obtained 
by  direct  measurement  and,  therefore,  should  not  be  considered  exact. 

Because  of  difficulties  encountered  in  accurately  measuring  vacuum  tank 
pressure  at  shutdown,  the  following  procedure  was  u.^od  to  obtain  data  shown 
in  Figure  ?.  Running  time  and  centerbody  position  could  be  measured  with 
a  reasonable  degree  of  accui'acy  co  Figure  8  was  used  as  the  basis  for  this 
analysis.  Tho  centerbody  locations  for  tho  data  shown  in  Figure  8  wex'o  con¬ 
verted  into  second  throat  area  ratios  by  means  of  Figui'o  9* 

Since  the  pressure  aft  of  tho  second  tlircat  were  oonatantly  dropping, 
the  manometer  board  lag  time  prevented  accurate  i’'...aiiigs  from  being  made  at 
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the  Irujtant  the  ahock  popped  trvrout;h  the  scoon''  throat.  The  vacuur.  .'^.ips 
lowered  the  vacuum  tank  preaaure  some  during  the  time  required  for  the 
manometer  board  to  stabilize  after  shutdown;  this  prevented  an  accurate 
reading  of  from  being  made  after  shutdown.  To  correct  this  condition, 
presaure  readings  v/ero  taken  both  before  and  after  shutdown.  Theae  data  were 
plotted  in  Figure  10  aa  running  time,  VQ.,ahut-do\m  prcoourc  ratio, 

The  point  at  zero  running  time  was  calculated  by  assuming  on  initial  vacuum 
tanl:  preoouro  of  one  inch  of  mercury  and  a  settling  chamber  pressure  of  9^  *9 
psia,  or  82.5  psig.  A  smooth  curve  was  drawn  through  these  data  points,  and 
it  wao  aoaumed  that  the  curve,  not  the  data,  was  correct.  The  running  tlruL  of 
the  data  aho;ni  in  Figure  8  were  converted  into  preosure  ratios  by  means  of 
Figure  10.  The  values  thus  obtained  wore  plotted  as  urea  ratio,  A/A^,  vs. 
preosure  ratio,  to  yield  Figure  7.  This  procedure  assiuned  that 

vacuum  tank  temperature  was  a  function  of  time  only,  and  was  not  affected  by 
the  contorbody  location  or  by  a  model  in  the  test  section. 

•  Effoct  of  Area  Br.tlo  on  static  Pressure 

Figures  11,  12,  13,  and  llj  show  the  effect  of  area  ratio  on  statio 
preaaure.  A  wide  scatter  of  data  points  in  the  region  ahead  of  the  ixi.ond 
throat  was  evidenced  in  all  cases.  This  was  cauoed  by  the  shock  pattern, 
since  points  on  the  shell  and  on  the  cone  occurring  at  the  same  area  ratio 
were  separated  by  a  shook  wave  and  hence,  had  different  static  pressures. 

All  curves  have  approximately  the  same  form,  but  are  displaced,  and  changed 
in  size  according  to  the  maximum  area  ratio.  Figure  11  shows  all  pressure 
data  plotted  in  non-dimensional  form.  For  each  oenterbody  setting,  the 
local  pveosui’c  data  were  divided  by  the  second  throat  area  to  yield  the 
contraction  ratios.  Figure  12  illustrates  the  gain  in  pressure  recovery 
tliat  was  obtained  by  making  the  oenterbody  movable.  The  data  correspond  to 
the  optimum  operating  position  (oenterbody  i.88  inches  forward  of  design 
operating  position),  the  maximum  area  ratio  that  would  allow  starting  (conter- 
body  2.75  inches  rearward  of  design  operating  position),  and  design  starting 
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poaililon  (centorbedy  3.03  inchea  rean/ard  of  deoi^n  operatinc  poaition). 

Alao  included  in  Figure  12  ia  the  curve  from  Figures  13  and  H.  Figure  13 
shovs  data  from  rune  made  vith  the  conterbody  located  0.1  inch  forward  and 
0.1  inch  rearward  of  the  design  operating  poaition,  while  Figure  lli  shows 
data  from  runs  made  with  the  centerbody  in  design  operating  position.  The 
proximity  of  data  from  these  runs  illustrates  that  prossuro  data  were  not 
greatly  affected  by  small  ohongos  in  centerbody  location. 

In  all  cases,  the  area  ratio  was  defined  as  the  mean  test  section  area, 
15.50  Dtjuare  inches,  divided  by  the  area  in  lueotlon.  This  vaa  done  to  bo 
consistent  with  data  presented  in  Reference  5. 

Although  the  maximum  pressure  recovery  reported  wao  obtained  with  the 
centerbody  located  .88  Inches  ahead  of  design  operating  position,  it  was  not 
proved  that  this  area  ratio  gave  the  boat  possible  pressure  recovery.  However, 
since  the  centerbody  was  at  the  forward  end  of  ite  travel  in  this  position, 
testa  could  not  be  made  with  greater  area  ratios. 

5.  fitatlc  Prossuro  Distribution  vith  Diffuser 

in  hosirn  0porattn.'<  Position 

The  agrconicnt  between  theoretical  and  raoasured  static  pressure  data  vao 
quite  good  in  front  of  the  bow  shock  from  the  centerbody.  However,  this  was 
not  true  aft  of  the  bow  shock.  Discrepancies  start  immediately  aft  of  the 
bow  shook  and  gror?  progressively  worse  dov;nstreaa.  This  was  anticipated  due 
to  the  fact  that  the  theory  did  not  take  into  account  either  the  entropy  rise 
or  the  energy  loss  due  to  viscous  friction  in  the  boundary  layer.  Figure  15 
gives  tho  static  pressure  ratio,  aloig  tho  entire  length  of  the  diffuser 

shell  and  along  tho  conical  portion  of  the  centerbody,  and  Figure  16  gives 
the  area  ratio  along  the  entire  length  of  the  diffuser.  At  the  second  tJiroat, 
the  static  press'ure  ratio  Is  O.OO85  on  the  shell  and  0.0125  on  the  centerbody. 
If  the  pressure  is  assumed  to  vary  linearly  across  the  second  throat,  an 
average  pressure  ratio  of  O.OIO5  is  established. 
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Since  the  compreoaion  process  betvreen  regiono  1  and  9  (Figui'e  6) 
lies  aomewhere  betv^oen  an  iaentropio  corapreaslon  and  one  obtained  aorooa  a 
olnglo  Dtrong  shock.  It  la  posoible  to  calculate  an  approximate  second 
throat  Mach  Number  from  static  preaoure  data.  The  isentroplc  Mach  Wui:'.ber, 
i.e.  that  Mach  Number  correopondinG  to  an  ioentropic  expansion  from  the 
oettling  chamber  preaoure  to  the  presowe  In  queation,  for  the  oooond  tlirout 
vao  found  to  be  1.66.  The  ratio  of  second  throat  preoaure  to  teat  section 
preaatire  vao  h.S)6,  which  eatabliohed  the  hypothetical  ehock  anclo  aa  2').k 
decroea.  This,  in  turn,  catablishod  the  flov;  deflection  to  be  15.8  desreGO, 
and,  therefore,  the  Mach  Number  waa  3. ,36.  It  my  be  then  concluded  chat 
the  second  throat  Mach  Number  waa  between  3.35  and  3*66. 

Equating  the  man  flow  tiirough  the  nozale  tliroat  to  the  maao  flow 
tlurough  the  second  throat,  and  aooumlng  ao  isentroplc  comproaalon,  tho 
potential  flow  second  throat  area  required  waa  found  to  be  l).li9  oquaro 
Inches.  Glmllorly,  assuming  compression  by  one  strong  shock,  the  potential 
flow  second  throat  area  required  vwa  found  to  be  5.00  square  inchea.  Since 
the  total  second  tliroat  area  i^aa  7*25  aquaro  inches,  tlic  total  area  occupiovi 
by  the  boundary  layer  displacement  tbickncoa  on  the  centerbody  and  shell 
was  between  2.7*<  aquare  inchea  and  2.25  square  inches.  Since  nothing  ic 
knovm  about  the  actual  distribution  of  the  boundary  layer  between  the  cone 
surface  and  tho  shell  surface,  this  is  the  furthermost  point  to  which  this 
approxiicato  analysis  can  bo  carried.  However,  it  appears  that  the  assumption 
of  constant  boundary  layer  growth  after  rofloctod  siiocks  caused  far  greater 
error  when  applied  to  tho  ahcll  tlian  when  applied  to  the  osntorbody. 

An  attempt  was  i:-.de  to  determine  the  diffuser  ehock  pattern.  It  v/aa 
impossible  to  establish  the  exact  location  of  each  shock  reflection  because 
of  the  tendency  of  the  boundary  layer  to  transmit  pressure  diaturbanoes 
upstream.  Figures  ll(  and  15  clearly  show  the  effect  of  a  shock  pattern 
aft  of  the  second  throat.  This  shock  pattern  appears  to  retain  full  strength 
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for  about  9  inches,  whereupon  it  crad\mlly  decretoes  in  strength  and  ceases 
in  about  5  nore  inches.  This  Indicated  that  the  6-inch  slightly  divergent 
passage  was  not  sufficient  to  allow  complete  transition  to  subsonic  flow. 

Aft  of  this,  the  pressure  drops  off  gradually,  either  as  a  result  of  viscous 
drag  in  the  boundary  layer  or  as  a  result  of  drug  from  the  centerbody  support* 

B.  Testa  to  Determine  Length  of  Rune 

1.  Qeneral  Errors 


All  tests  were  mdo  with  an  initial  vacuum  tank  pressure  of 
approximately  one  inch  of  mercury  and  a  settling  chamber  pressure  of  82.5 
peig.  Running  time  vraa  started  '  iion  ihe  valve  started  opening  and  ended 
when  the  chock  popped  through  the  second  threat.  When  the  centerbody  was 
located  aeveral  inches  aliead  of  design  operating  position,  this  made  a  veiy 
nudlblt  uisiurUiuico.  Hoirover,  when  the  centerbody  was  retracted,  it  was 
very  difficult  to  tell  when  the  ohoolc  popped  through  the  second  throat. 

Thle  introduced  a  possible  uource  of  error  of  several  seconds  on  the  uhorter 
runs.  Also  present  was  the  possibility  that  small  looks  in  the  system  ml^t 
cause  boundary  layer  thickening  in  the  region  aft  of  the  leak  and  create  a 
reduction  in  diffuser  efficiency.  This  would,  in  turn,  cause  a  reduction 
in  running  time.  Since  ifc  wao  improbable  t)iat  all  ioaka  in  the  system  wore 
completely  eliminated,  all  values  of  running  time  v;ore  undoubtedly  cubjoct 
to  thia  error. 

2.  Effect  of  Centerbody  location  on  Running  Time 

Figure  6  shov>8  the  effects  of  centerbody  location  on  running 
time.  All  data  were  taken  with  the  vacuum  pumps  operating  during  the  entire 
run.  Reference  5  indicates  tlmt  the  curve  \rould  break  sharply  downward  if  the 
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optimum  area  ratio  were  exceeded.  Hov/ever,  the  conatruotlon  of  the  center- 
body  prevented  teata  v;lth  area  ratloe  croauer  than  3.05  from  beina  conducted. 
The  maximum  deviation  of  points  from  the  lino  was  about  This  vae  less 
scatter  of  points  than  was  expected^  considering  the  accuracy  of  the  measure¬ 
ments  . 


3.  Effects  of  Test  Section  Obstructions  on  Running  Time 

Since  vacuum  tank  preaoura  varies  approximately  linearly  vrith  the 
length  of  the  run  (Flcurc  10),  the  remarks  made  about  tne  effects  of  the 
test  section  obstructions  on  prcssvire  ratio  required  to  operate  apply  liere, 
aleo.  The  runnlnc  times  with  the  probe  extended  1.75  Inches  and  2.5  inches 
into  the  test  section  were  so  short  as  to  make  it  questionable  whether  or 
not  probe  data  could  be  obtained.  The  remedy  probably  lies  In  the  redesign 
of  the  probe,  i.e.  use  of  a  double  ved^e  cross  section,  Instead  of  a  redesign 
of  the  diffuser. 
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The  theory  uoed  in  the  deuifin  of  this  diffuser  predicted  a  Mach  Kuuiber 
of  unity  at  the  second  throat  instead  of  the  value  hetveon  3.36  and  3.66 
indicated  by  atatlc  pressure  data.  This  discrepancy  \jaa  caused  partially 
by  the  entropy  rise  in  the  boundary  layer  and  partially  by  an  error  in  the 
predicted  boundary  layer  ero\rth.  Previous  total  pressure  survey c  indicated 
tliat  tlie  boundary  layer  correction  of  d3*/dx  =  O.OOOllj  applied  to  the 
surface  of  the  nozzle  and  teat  section  vas  correct.  Therefore,  it  laoy  be 
assumed  that  this  correction  ma  valid  alon^  the  entire  re£;lon  between  the 
nozzle  and  the  first  reflection  of  the  bow  shock  from  the  centorbody.  Since 
the  tlilckneos  of  the  boundoiy  layer  on  the  centerbody  was  not  larj-e  cnouch 
to  cause  an  error  of  the  observed  uiacnltvide,  it  appears  tliat  the  growth  of  the 
displacement  thickness  of  the  boundary  layer  on  two  outer  shell  was  leas  tlwin 
the  assumed  rate  of  increase  after  the  first  reflected  shook.  However, 
the  exact  behavior  of  the  boundary  layer  in  the  region  aft  of  the  saook 
reflection  coidd  liave  been  found  only  by  extensive  boundary  layer  survoyo, 
which  time  did  not  permit. 

In  spite  of  the  limitations  of  the  theory  uoed  in  this  dooign,  fairly 
^ood  results  were  obtained.  I'igure  8  illustrates  tliat  the  design  conterbody 
location  appears  to  bo  the  best  for  either  the  0,C95'inch  diameter  probe 
or  the  survey  rake  used  in  those  tests.  However,  with  the  flat  plate 
installed,  supersonic  flow  could  not  be  estobliohod  in  the  entire  region 
ahead  of  the  second  throat.  This  indicates  the  need  of  a  smaller  centerbody 
or  a  reduction  of  the  diotance  between  the  test  section  and  the  second  tliroat 
to  reduce  losses  from  viecoiis  friction. 

The  pronounced  effect  of  test  section  obstructions  on  optimum  area 
ratios  indicates  tliat  no  single  diffuser  design  will  be  best  for  all  model 
configurations.  However,  a  great  gain  in  running;  time,  may  bo  obtained  by 
use  of  models  that  are  suallcr  than  those  used  in  tlicse  tests. 
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Throughout  the  toeta,  the  centerbody  v;a8  positioned  sunually.  It  uas 
retracted  to  the  ctartlng  poaltlon  and  advanced  once  the  ohock  Imd  been 
swallowed.  Although  the  forward  thrust  on  the  centerbody  varied  according 
to  the  centerbody  position  and  the  model  in  the  teat  section,  it  was  at  all 
times  more  than  that  reijulred  to  overcome  the  friction  in  the  pressure  seal 
on  the  positioning  rod.  However,  since  the  forward  thrust  was  found  to  be 
sufficient  to  force  the  centerbody  iar  enough  forward  to  choke  the  tiinnel, 
a  stop  must  be  provided  if  the  operation  is  to  bo  fully  automatic. 


This  report  lias  boon  distributed  In  accordance  with 
the  Hot  for  Aorodynamics  contained  in  APL/JHU,  TG  8  •  11,  dated  November,  l‘.23< 
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-39- 


Part  2.  CEKTEKBODY  RETRACTED  3. 03  IKCHES'KROM 
DESIGN  OPERATING  POSITION 
TEST  SECTION  EMPTY 


Station 

Average 

Static 

P 

p 

Area 

Reading 

Pressure 

In.hg.aba. 

^e 

in  ^ 

A 

-Z 

A 

21 

33.80 

.1)18 

.00218 

.01)15 

16.1)0 

.9i)5 

.607 

22 

38.80 

.1)18 

.00218 

.01)3  5 

16.69 

.929 

.596 

23 

33.80 

.1)18 

.00218 

.c))’’.5 

17.  Ol) 

.910 

.531) 

2^ 

38.80 

.1)18 

.00218 

.0')  15 

17.28 

.897 

.575 

25 

38.80 

.1)18 

.00218 

.01)15 

37.19 

.902 

.578 

■  26 

38. Oo 

.1)10 

.00218 

.01)15 

16.78 

.92I) 

.593 

38.39 

.828 

.001)32 

.0822 

16.76 

.925 

.59I) 

27 

38.80 

.1)18 

.00218 

.01)15 

15.73 

.985 

.632 

28 

38.80 

.1)18 

.00218 

.01)15 

ll)  .92 

1.039 

.667 

li5* 

38.1)0 

.1)18 

.00.1)26 

.0810 

ll)  .68 

1.056 

.678 

29 

33.77 

.1)1)8 

.0023!) 

.1)1)5 

13.25 

1.172 

.753 

30 

38.52 

,698 

.00361) 

.0693 

12.61 

1.229 

.789 

31 

38.52 

.698 

.00361) 

.0693 

12.35 

1.255 

.806 

32 

38.38 

.838 

,001)36 

.0c828 

11.77 

1.317 

.81)5 

33 

33.19 

1.028 

.00536 

.1020 

11.00 

1.1)09 

.905 

1)6* 

38.1)2 

.798 

.001)16 

.0012 

10.85 

1.1)29 

.918 

1)7* 

38.60 

.618 

.00322 

.0615 

10.37 

1.1)95 

.962 

1)8* 

38.72 

.1)98 

.00260 

.01)95 

10.10 

1.535 

.989 

31) 

37 .7*) 

1.1)78 

.00770 

.11)67 

10.3.0 

1.535 

.989 

35 

35.97 

3.21)8 

.01693 

.322 

11.18 

1.386 

.893 

36 

3^  .95 

1).268 

.02225 

.1)23 

12.23 

1.262 

.813 

37 

33.72 

5.1)98 

.02866 

.51)6 

13.50 

1.067 

.687 

3‘<3 

32.50 

6.718 

.03502 

.677 

15.72 

.986 

.635 

39 

30.50 

8.718 

.01) ’>1)1) 

.865 

16.85 

.920 

.592 

1)0 

29.3^ 

9.878 

.0511)9 

.980 

27.50 

•561) 

.363 

1)1 

29. li) 

10,078 

.05253 

1.000 

28.18 

.550 

1)2 

29.31 

9.908 

.05165 

.983 

28.18 

.550 

.35I) 

Second  Throat  Area  ■  9 ‘95  Otiwaro  Inches 
Reference  »  39.218 


a  9^,l)0  psia 

*  Pressure  Taps  on  Centerhody 
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Part  3.  CENTERBODY  RETRACTED  2.75  INCHES  FROM 
DESIGN  OPERATING  POSITION 
TEST  SECTION  EMPTY 


Station 

Average 

Static 

P 

p 

Area 

^9 

Reading 

Pressure 
In.hg.abs . 

K 

In^ 

A 

A 

21 

30.79 

.1)29 

.00219 

.01)  08 

16.1)0 

■91)5 

.61)8 

22 

38.80 

.1)21 

.00211) 

.01)00 

16.69 

.929 

.632 

23 

30.79 

.1)27 

.00219 

.01)08 

17.  Ol) 

.910 

.619 

2l( 

38.79 

.1)27 

.00219 

.01)08 

17-38 

.898 

.611 

25 

30.78 

.1)37 

.00221) 

.oi)i8  : 

■.17.36 

.893 

.608 

26 

38.80 

.1)17 

.OO2.T1 

.01)00 

17.  Ol) 

.910 

.619 

38.32 

.897 

.00'>.-5 

.091)2 

16.85 

.920 

.627 

27 

38.60 

.1)17 

.OOQll) 

.01)00 

16.32 

.950 

.61)7 

28 

38.80 

.1)17 

.00211) 

•  cl)  00 

15.65 

.990 

.671) 

1(5# 

38.35 

.867 

.001)1)1) 

,0828 

11)  .78 

1.01)9 

.715 

29 

38. 5O 

.637 

.00326 

.0608 

11)  .15 

1.095 

.71)6 

30 

38.1)2 

.797 

.001)08 

.0762 

11)  .62 

1.11)2 

.778 

31 

38.1)2 

.797 

.001)08 

.0762 

13.1)0 

1.157 

.788 

32 

38. 2O 

.937 

.001)80 

.0896 

12.90 

1.202 

.319 

k6* 

30.1)0 

.817 

.001)18 

.0781 

12.53 

1.237 

.81)1) 

33 

38.10 

1.117 

.00572 

.1068 

12.21 

1.269 

.865 

3i( 

37.30 

1.917 

.00981 

.1830 

11.1)1) 

1.35^ 

.923 

17* 

38.60 

.617 

,00316 

.0589 

11.10 

1.396 

.951 

1)8* 

30.50 

.717 

.00367 

.0701 

10.68 

I.I15I 

.989 

35 

35.80 

3.1)17 

.0171I9 

.326 

11.1)8 

1.350 

.920 

36 

3l).60 

I1.6I7 

.02361) 

.1)1)1 

12.61 

1.229 

.8t8 

57 

33.22 

5.997 

.03070 

.572 

13.89 

1.116 

.760 

38 

31.9l( 

7.277 

.03726 

.696 

15.77 

.983 

.670 

39 

29.95 

9.267 

.01)71)5 

.865 

16.85 

.920 

.627 

1)0 

28.83 

10.337 

.05292 

.988 

21.50 

,721 

.I19I 

1)1 

28.71) 

10.1)77 

.05361) 

1.000 

28.18 

.550 

.375 

1)2 

28.82 

10.397 

.05323 

.993 

28.18 

.550 

.375 

Second  Throat  Area  «  10.56  Square  Inches 
Reference  o  39.217 
Pq  »  95.90  paia 

* Pressure  Taps  on  Centerhody 


Part  1(.  CENTERBODY  RmACTED  0.1  INCH  FROM 
DESIGN  OPERATING  POSITION 


TEST  SECTION  EMPTY 


nation 

Avora.^e 

Reading 

Static 

Preeeura 

in.hg.ahs. 

P 

P 

0 

'  P 
^e 

Area 

^1 

A 

A 

21 

38.83 

.1(03 

.00216 

.0301 

16.3k 

.9*19 

.1(57 

22 

38.83 

.1(03 

.00216 

.0301 

16.69 

■  929 

.1(37 

23 

58.82 

.1(13 

.00221 

.0307 

16.98. 

.913 

.1(30 

21| 

38.82 

.1(13 

.00221 

.0307 

16.68 

.929 

.k37 

l|lj* 

38.3a 

.853 

.001(1(7 

.0621 

16.1(0 

.9*15 

.1(1(5 

25 

38.83 

.1(03 

.00216 

.0301 

16.03 

.967 

.1155 

26 

38.83 

.1(03 

.00216 

.0301 

li(  .i(l( 

1.073 

.505 

1(5* 

38.39 

.81(3 

.001(1(2 

.0613 

111. 35 

1.080 

,508 

27 

38.31 

.923 

.001(83 

.0652 

12.03 

1.288 

.607 

28 

38.02 

1.213 

.00631 

.0876 

11.03 

1.1(05 

.662 

1(6* 

38.1(1( 

.793 

.001(16 

.0578 

10.87 

1.1(26 

.672 

29 

37.80 

1.1133 

.OO7I1I1 

.1035 

8.58 

1.807 

.851 

l(7^t 

37.10 

2.133 

.01092 

.1528 

7.90 

1 . 962 

30 

37.79 

l.!(li3 

.007'|9 

.101(2 

7.67 

2.021 

.952 

l(8« 

36.68 

2.553 

.01317 

.1820 

7.I12 

2.089 

.985 

31 

Second 

Throat-- 

7.k2 

2.089 

.935 

32 

35.»<3 

3.917 

.02016 

.280 

T.78 

1.992 

.939 

33 

311.52 

1(.827 

.021(72 

.31(3 

6.30 

1.867 

.879 

5i( 

33.l(i( 

5.907 

.02513 

.3>i9 

8.70 

1.782 

.81(0 

35 

30.97 

8.377 

.01(289 

.597 

.  9.82 

1.578 

.7*13 

36 

28.1(5 

10.897 

.05580 

.776 

11.3*1 

1.36? 

.6l(l( 

37 

26.66 

12.687 

.061(96 

.903 

]'-;.52 

1,11(6 

,5*10 

38 

26.12 

13.187 

.C6752 

.939 

15.7*1 

.985 

.l(61( 

39 

25.37 

13.977 

.07157 

.99*1 

22.56 

.787 

.371 

1(0 

25.28 

Ik. 067 

.07203 

1.000 

28.18 

.550 

.259 

1(1 

25.1(0 

13.9^7 

.0711(1 

.992 

28.13 

.550 

.259 

1(2 

25.53 

13.817 

.07075 

.983 

28.13 

.550 

.259 

Second  Throat  Area  »  7.30  Stjuare  Inches 
Before  Second  Throat,  =  95.89  psla;  Reference  »  39.2JJ 
After  Second  Throat,  P^  =>  95.89  psia;  Reference  •  39.3‘<7 
»PreDaure  Taps  on  Centerbody 


1(2- 


Part  5.  CENTERBODY  ADVANCED  0.1  INCH  FROM 


DESIGN  OPERATING  POSITION 


TEST  SECTION  EMPTY 


Station  Average  Static 
Reading  Preaaura 
In.hg.aba. 


P 

P. 


Area 

r*  *T’ 


21 

38.85 

.1)07 

.  .002095 

,029!) 

16.3I1 

.91)9 

.1)38 

22 

30.05 

.1)07 

.002095 

.029I) 

16.69 

.929 

.1)29 

23 

38.82 

.1)37 

.00225 

.0315 

16.93 

.915 

.1)23 

2l( 

58.85 

.1)07 

.002095 

.02911 

16.62 

.933 

.1)32 

ltl(  * 

38.38 

.877 

.001)51 

.0631 

16.38 

.91)6 

.1)38 

25 

38.85 

.1)0? 

.002095 

.029I) 

15.88 

.976 

.1)52 

li3* 

38.1)0 

.857 

.001)1)1 

.0617 

11). 30 

I.08I) 

.502 

26 

30.05 

.1)0? 

.002095 

.029!) 

11)  .22 

1.090 

.501) 

27 

38.30 

.957 

.001)93 

.0692 

11.97 

1.295 

.598 

1)6  * 

38.1)8 

.777 

.001)00 

.0560 

10.85 

1.1)29 

.661 

28 

37.98 

1.277 

.00658 

.0920 

10.72 

1.1)  1)6 

.668 

29 

36.77 

2.1)87 

.01280 

.1793 

8.25 

1.879 

.863 

1)7# 

37.10 

2.157 

.OHIO 

.151)0 

7.87 

1,970 

.912 

1)0* 

36.68 

2.577 

.01526 

,1070 

7.32 

2.117 

.977 

30 

36.77 

2.1)87 

.01280 

.1793 

7.32 

2.117 

.977 

31 

Second  Tliroat-- 

7.17 

2.162 

1.000 

32 

36.57 

2.687 

.01383 

.1938 

7.69 

2.016 

.932 

33 

35.85 

3.1)07 

.01753 

.21)5 

0.22 

1.886 

.072 

3I) 

3‘i  .72 

‘).537 

.02335 

.328 

8.72 

1.778 

.022 

35 

31.52 

7.737 

.03982 

.558 

9,76 

1.588 

.7311 

36 

29.00 

10.257 

,05280 

.71)0 

11.32 

1.369 

.633 

37 

26.92 

12.377 

.06371 

.892 

13.29 

1.166 

.539 

3B 

26.51 

12.71)7 

.06561 

.919 

15.51 

1.000 

.1)62 

39 

25.1)9 

13.767 

.07086 

.992 

23.0 

.671) 

.312 

1)0 

25.38 

13.877 

.0711)3 

1.000 

28.18 

.550 

.25I1 

1)1 

25.50 

13.757 

.07081 

.992 

28.18 

.550 

.25*) 

1)2 

25.58 

13.677 

.0701)0 

.986 

28,18 

.550 

.25»i 

Second  Throat  Area 

-  7.17 

Square  Inches 

Reference 

“  39.257 

Pq  “  95.390  pa la 
^Preaaure  Tape  on  Centerbody. 


Part  6.  CENTERBODY  ADVANCED  Ij.SS  INCHES  AHEAD  OF 
DESIOI  OPERATING  POSITION 
TEST  SECTION  El^lPTY 


Station  Avoraeo 

Static 

Reading 

Pressure 

in.hg.ahs. 

P 

P. 


P 

P 

e 


Area 


A 


21 

33.02 

.1)31 

.00216 

.0210 

16.1:0 

.95I) 

.313 

22 

38.82 

.1)31 

.00216 

.0210 

16.11 

.91)5 

.310 

38.10 

1.071 

.00537 

.0520 

15.82 

.980 

.322 

23 

38.80 

.1)51 

.00226 

.0220 

11)  .72 

1.053 

.3I1'.' 

1)5* 

38.35 

.901 

.001)52 

.0390 

13.71 

1.131 

.372 

2k 

38.80 

.1)51 

.00226 

.0220 

12.75 

1.216 

.399 

1)6* 

38.1)0 

.951 

.001)77 

.01)61) 

10.25 

1.512 

.1)97 

25 

37.78 

1.1)71 

.00738 

.0718 

10.08 

1.538 

.505 

1)7* 

36.55 

2.701 

.01355 

.1318 

7.30 

2.123 

.697 

26 

37.35 

1.901 

.00953 

.0927 

6.00 

2.279 

.71)8 

li8* 

36.23 

3.021 

.01515 

.II16I) 

6.72 

2.307 

.759 

27 

36.60 

2.651 

.01330 

.1293 

6.12 

2.533 

.832 

23 

35.1)8 

3.771 

.01891 

.181)0 

5.86 

2.61)5 

.869 

29 

35.33 

3.921 

.01967 

.1912 

5.31) 

2.903 

.953 

30 

35.20 

l).051 

.02032 

.1977 

5.15 

3.001 

.985 

31 

Second 

Throat—— 

5.09 

3.01)5 

1.000 

32 

28.83 

10.1)01 

.05216 

.yv! 

5.56 

2.788 

.915 

33 

25.27 

13.961 

.07002 

.681 

6.1)2 

2.1)11) 

.793 

3li 

22.1)0 

16.731 

.08391 

.016 

7.36 

2.106 

.692 

35 

19.  <^0 

19.331 

.09695 

.91)3 

9.31 

1.61)5 

.51)1 

36 

19.iiC 

19.751 

.09906 

.963 

11.35 

1.366 

.1)1)8 

37 

10.71 

20.521 

.10292 

1.000 

19.18 

.808 

.265 

30 

18. 03 

20.1)01 

.10232 

.9911 

26.1)5 

.586 

.152 

39 

18.02 

20.1(11 

.10237 

.99^1 

28.13 

.550 

.181 

1)0 

18.78 

20.1)51 

.10257 

.995 

20.18 

.550 

.181 

1)1 

18.76 

20.1)71 

.10267 

.996 

28.18 

.550 

.181 

1)2 

18.76 

20.1)71 

.10267 

.996 

28.18 

.550 

.181 

Second  Throat  Area  ■  5*09  Square  Inches 


Before  Second  Throat,  Reference  »  39.251;  ■  97*90  paia 

After  Second  Throat,  Reference  «  39.231;  P^  -  97*90  paia 


^Indicates  Preaoure  Taps  on  Centerhody. 


Part  7.  DIFFUSER  RETRACyTED  5.97  INCHES  FROM  DESIC»I  OPEEUTIHO  POSITION 
Flat  Plata  Installed  in  Teet  Section 


Station 

Distance 

Reading 

Static 

P 

From  Wozale 

Prefloure 

r 

Throat  -  In. 

In.hg.ahs. 

0 

1 

2.86 

35.50 

3-371) 

.0171 

2 

3.86 

36.78 

2.09I) 

.0106 

3 

kM 

37.33 

1.5l)l) 

.00783 

ii 

5.87 

37.76 

l.lll) 

.00565 

5 

6.06 

37.81 

1.061) 

.00539 

6 

7.86 

37.97 

.901) 

.001)58 

7 

8.05 

38.11 

.761) 

.00387 

3 

9.87 

38.21 

.  .661) 

.00337 

9 

10.86 

38.30 

.57I) 

.00291 

10 

11.86 

38.33 

.51)1) 

,00276 

11 

12.08 

38.37 

.50I) 

.CO256 

12 

13.87 

38.39 

,1)81) 

.0021)5 

13 

11)  .88 

38.1)2 

,1)51) 

.00230 

Ik 

15.88 

38.1)2 

.1)51) 

.00230 

k^* 

19.00 

38.1)2 

.1)51) 

.00230 

15 

19.1)3 

38.50 

.37I) 

.00190 

1<14* 

20.00 

38.23 

.61)1) 

.00326 

16 

20.57 

38,1)5 

.1)21) 

.00215 

li5» 

21.50 

30.1)5 

.1)21) 

.00215 

17 

21.71) 

38.1)2 

.1)51: 

.00230 

18 

22.81) 

38.37 

.501) 

.00256 

23.00 

38.1)5 

.1)21) 

.00215 

19 

2i)  .03 

38.22 

.65I) 

.00331 

li7* 

21)  .50 

38.1)1 

.1)61) 

.00235 

20 

25.17 

37.68 

I.I9I) 

.00606 

ka* 

26.00 

30.21 

.661) 

.00337 

21 

29.62 

37.10 

I.77I) 

.00900 

22 

32.62 

36 . 61 

2.261) 

.0111)8 

23 

35.62 

36.02 

2.051) 

.011)1)? 

211 

37.62 

35.27 

3.60lj 

.01776 

25 

59.62 

3k  .70 

l).17i) 

.0021 

26 

1)1.62 

33.05 

l).02l) 

.021)5 

27 

1)3.52 

33.2:.- 

5. 671) 

.0288 

28 

1)1)  .1)2 

32.90 

5.97I) 

.0303 

29 

1)5.99 

32.37 

6.50I) 

.0330 

30 

1)6. 1)6 

32.11) 

6.73I) 

.0372 

31 

1)6.62 

32.19 

6.68!) 

.0339 

32 

1)7.62 

32.03 

6.81)1) 

.031)7 

33 

1)8.62 

31.93 

6.91)1) 

.0352 

31* 

1)9.62 

31.78 

7.09I) 

.0359 

*PreJuurc  Tape  on  Flat  Plate 


Part  7  continued 


-1)5- 


Station 

Distance 

Readlna 

Static 

P 

From  Nozzle 

Prco:nire 

Po 

Throat  -  In. 

ln.hj:;.aba. 

0 

35 

51.62 

31.81 

7.O6IJ 

.0358 

36 

53.62 

31.92 

6.0'  M 

.0352 

37 

55.62 

51 .68 

7.1.  ■< 

.0365 

38 

57.62 

^l.hO 

7.38!^ 

.037*1 

39 

60.62 

31.39 

.0379 

uo 

63.62 

31.38 

7 

.0380 

hi 

68.62 

31.03 

7.81-14 

.0397 

hZ 

72.62 

31.02 

7.85*1 

.0398 

Second  Throat  Area  «  13*00  Siiuore  Inches 
Roference  38.871<J  •  9B,6  psia 


‘k6- 


Part  8.  EMD  PRS'JSURES  FOR  VARIOUS  RUMKINC  TIMES 


Rurmins 

P 

p 

Source 

Time 

Seconds 

e 

In.  hg.  aba. 

0 

paia 

*  e 

0 

1 

95.8 

.0050 

Initial  Conditior'S 

38 

10.1 

9l).li 

.0525 

Part  2  Station  1)1 

1)6 

12.8 

96.9 

.0520 

Recorded  After  Enut  Do'-Ta 

1)6 

13.9 

95.7 

.0711 

Part  1  Station  i)0 

50 

13.1) 

96.9 

,0679 

Recorded  After  Sliut  Dovn 

50 

13.8 

96.1) 

.0703 

Recorded  After  Shut  Dov/n 

52 

12.1) 

90.1) 

.0671) 

Recorded  After  Shut  Down 

52 

13.1) 

96.1) 

.0683 

Recorded  After  Shut  Down 

81) 

20.1)7 

97.9 

.1027 

Fart  6  Station  k2 

87 

20.8 

97.l< 

.1038 

Recorded  After  Shut  Dowi. 

.1(7 


Part  9.  GENEBAI.  PERFORMANCE  DATA  FOR  VARIOUS 
CENTERBOrCf  LOCATIONS 


Centerbody 

1 


Location 


^iax.  Area 
Ratio, 


Running  Time  Fresaure 
SeconcLa  Ratio, 

(froiL  Fig.  9) 


Proaoure 
Ratio  Re^'d 
to  operate 


Reii-arlcs 


-2.00 

1.72 

32 

.01(6 

21.6 

Tunnel 

Eipty 

-1.00 

1.92 

1(0 

.055 

18.1 

Tunnel 

Ei’.pty 

0.00 

2.1k 

1(6 

.062 

16.1 

Tunnel 

Empty 

+0.1i0 

2.18 

50 

.067 

15.0 

Tunnel 

Empty 

+0.50 

2.19 

52 

.069 

li(.5 

Tunnel 

En-jpty 

+o«6o 

2.20 

52 

.069 

li(.5 

Tunnel 

Ejipty 

+o.6i( 

2.21 

50 

.067 

15.0 

Tunnel 

Empty 

+1.50 

2.33 

58 

.075 

13.7 

Tunnel 

Empty 

+2.50 

2.50 

68 

.086 

11.6 

Tunnel 

Empty 

+lt.00 

2.82 

75 

.093 

10.8 

Tunnel 

Empty 

+1(  .38 

3.03 

0i( 

.102 

9.8 

Tunnel 

Empty 

+l(.a3 

3.03 

87 

.lOk 

9.6 

Tunnel 

Ei.ipty 

0.00 

2.13 

35 

.01(9 

25.6 

Survey  Rake 
Inn tailed 

0.00 

2.13 

22 

.033 

30.3 

0.095"  Pia. 
Tube  2  1 
inch  pene¬ 
tration 

0.70 

2.22 

30 

.01(3 

23.3 

0.095"  Dla. 
Tube  1  3/^ 
inch  pene¬ 
tration 

k.m 

3.03 

60 

.078 

13.0 

0.095"  Pia. 
Tube  1  inch 

penetration 

Pq  “  95 ‘8  paia;  T^  -  60®F 

Initial  Vacuum  Tank  Proaoure  «•  1  inch  of  mercury 
^(Incliea  ahead  of  designed  operating  position) 


.1)8. 


TABLE  IV  LOCATION  0?  STATIC  PRESSURE  TAPS 


1.  TAPS  OM  SHELL 


Station 

Distance 

Distance  From 

Inside  Dionjeter 

Number 

From  Lip 

Nozzle  Throat 

of  Shell 

of  Diffuser 

Inches 

Inches 

Inches 

21 

3.00 

29.62 

!).561 

22 

6.00 

32.62 

1).610 

23 

9.00 

35.6'-' 

1).659 

2k 

11.00 

37. '■S 

1).691 

23 

13.00 

39.62 

l).721 

26 

15.00 

1)1.62 

k.737 

27 

16.90 

1)3.52 

1).787 

28 

17.80 

1)1)  ,1)2 

i).801 

29 

19.37 

■)5.99 

l).027 

30 

19.81) 

1i6.'!6 

1).835 

31 

20.00 

1)6.62 

1).838 

32 

21.00 

1)7 .62 

1).958 

33 

22.00 

1)8.62 

5.073 

3k 

23.00 

1)9.62 

5.191 

35 

25.00 

51.62 

5.1)26 

36 

27.00 

53.62 

5.662 

37 

29.00 

5;*.62 

5.897 

3Q 

31.00 

57.62 

6.132 

39 

3I)  .00 

60  J 

6.250 

1)0. 

37 .00 

63. o2 

6.250 

1)1 

1)2.00 

6v5.62 

6.250 

1)2 

1)6. '-'O 

72.62 

6.250 

2.  TAP2 

..  . 

Distance  Froiii  Base 

Diameter  of 

«  •  lA  luUC  A 

of  Cone  (Measured 

Centerbody 

Alone  Surface) 

Inches 

Inches 

1)1) 

O.IO 

1.091 

1)5 

5. '18 

2.090 

1)6 

1.22 

3.363 

1)7 

0.352 

3.61)9 

1)8 

0,029 

3.77') 

FIG.  !  photograph  of  diffuser  assembly 

r-?  Ce-re'Sody  s  ~s'a/ied  Sfa'r:ng  Pcs^d'o^, 
T-’^e  Cute'  S^e''  is  Suspe’^ded  3efow. 


TYPICAL  photograph  OF  MANOMETFR  BOA 

Centerbody  In  Design  Operating  Position  Tube 
Correspond  To  Stations  fF!n  on  q  yurnber., 

/At  n.  c  .  ,  *'  "  "  I  uues  v  j  AnfJ  H 

P  lA,  A  ^^'^osphere  Pressure  TuPe 

tT  ( Mt  I  ho  h  V  4  f**  rr%^  t  t\  f  *  i  t  -  r*,  r-»  ^ 

..-  nererence  Vncmim 


\ 


C;W!,  -  ijl 

OWfj  A  A  If.,.'/ 
jHk  -  ClW 

I  -  ?  t  -  Sf. 


FIG  4  -  COORDINATE  SYSTEMS 
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PRESSURE  RATIO 
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AREA  RATIO,  ^ 
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FIG.  7- EFFECT  SECOND  THROAT  AREA 
RATIO  ON  PRESSURE  RATIO 
REQUIRED  TO  OPERATE 
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FiG.  9-AREA  RATIO  VS.  CENTERBODY  LOCATION 
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FIG.  10-EFFECT  OF  RUNNING  TIME  ON  END  PRESSURE  RATIO. 
INITIAL  CONDITIONS;  =  I  INCH  HG,  P.  =  95.8PSIA. 


CONTRACTION  RATIO 


CENTERBODY  LOCATION 
WITH  RESPECT  TO  DESIGN 
OPERATING  POSITION 


I  .4, 


‘■-'■-RETRACTED  3.03  IN. 
A  -  '■  2,75  IN, 

V  -  "  0.10  IN. 


0  2  04  O.’e  '  0  8 .  1.0  '  12 

PRESSURE  RECOVERY  RATIO,  ~ 

*  n 


FIG.  11 -  PRESSURE  RECOVERY  RATIO  VS. 
CONTRACTION  RATIO 
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AREA  R'hTIO 


CENTERBODY  LOCATION 
WITH  RESPECT  TO  DESIGN 


FIG,  12- PRESSURE  RATIO  V$.  AREA  RATIO 


TEST  SECTION  EMPTY 


ClHL  -  OT 
OwG  C,t.  I63S 
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‘oliva  v3av 


IjKl  -  UT 
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FIG.  13 -PRESSURE  RATIO  VS.  AREA  RATIO 
TEST  SECTION  EMPTY 


FIG.  14- PRESSURE  RATIO  VS.  AREA  RATIO 
TEST  SECTION  EMPTY 
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FIG.  15  -  PRESSURE  RATIO  AND  MACH  NUMBER 
ALONG  LENGTH  OF  DIFFUSER 


CENTERBODY  IN  DESIGN  OPERATING  POSITION. 
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FIG.  20-  detail  drawing  OF  CENTERBODY 
FIFTH  SCALE -LONGITUDINAL  SECTION 


